A
Sanitized Copy Approved for Release 2011/04/07 : CIA-RDP81-00280R000100160081-8
v

Next 1 Page(s) In Document Denied

Sanitized Copy Approved for Release 2011/04/07 : CIA-RDP81-00280R000100160081-8




Sanitized Copy Approved for Release 2011/04/07 : CIA-RDP81-00280R000100160081-8 STAT

FQUIPHENT OF THE K-~12 12-CHANNEYL SYSTEM

Bostnik Svyazi [Communications Ge G« Borodzyck and
Herald], No 6, 1652, Moscow, " Se Ae Adzhamcy
Pages 6-8 . :

In this paper are described the equipment for the 12-channel system
for communication over symmetric {nonloaded) cable lines, the principal
elactric characteristics of this equipment, block diagrams of the
terminal and intermediate stations, diagrams of individual units, and
also the makeup and the construction of the equipment used in these
statlions.

Along with aerial lines, cable communication lines have received
widegpread application in modern interurban telephone and telegraph
communications., Cable lines, particularly those buried underground,
have substantial advantages over aerial lines and provide more reliable
communications,

For a long time only symmetric locaded cables with paper-card
insulation were the only type used in interurban communication instal-
lations. The loading reduced the attenuation of the cable pairs, but
at the same time restricted the useful frequemcy band and reduced the
speed of propagation of the alternating current of the signal over the
line. This made it possible to employ only tonal communication channels
and to transmit over relatively short distances. To obtain interurban
trunk lines with a large number of circuits it was necessary to employ
multiconductor cables. The cost of the line structures was quite high
in such communication systems.

Later, as the technique of ccenstruction of high-quality amplifiers
developed, loading coils were employed with even higher limiting fre-~
quencies, and eventually leading was dispensed with for trunk lines.

The latter fact, added to the improvement in the symmetrization of cable
pairs for the purpcse of raising the crosstalk attenuation, has permitted
the use of multiple utilization of the cable pairs with the zid of
high-frequency {carrier] telephony. This raised the speed of propa-
gation of the current along the line and reduced the cost of line
structure. It thus became technically possible and economically pre-
ferable to organize communication over cables at distances reaching
saveral thousand km.

A very important step in the development ¢l Russian long-distance
communicat ion engineering was the development and mastery of Lhe type
K-12, the 12-channel system. This system jis intended for carrier
communication over symmetric (nonloaded) cable lines and possesses
high technical and economic. indices.

Principal Technical Data on the K-~12 Apparatus

The K-12 apparatus makes it possible to obtain 12 telephone channels
with an effectively transmitted frequency band from 300 to 3400 cycles,
over a L~conductor cable line with paper-cord insulation and with
1.2-mm copper conductors twiated in a Mstar." The transmission is
effected over the cable line in the frequency spectrum from 12 to 60 kc.
The frequency characteristicy of the per-km attenuation and of the wave
impedance of this type of cable are shown in Figure 1. To insure the
required high crosstslk attenuation between the pairs used for the
transmission of currents in opposite directions, a 2-cable communi-
cation sysiem is employad.
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Each channel of the K-12 system can be used also for multipln tonal
telegraphy with amplitude or frequency manipulaticn, and also.for the
transmission of facsimile signals. In addition, if 2 or 3 telephone
channels are interconnected, it is possible, with the aid of supplementary
apparatus, to transmit music broadcasts between cities.

Individual conversios installations, similar to those used in
the V-12 system, are used in the K-12 apparatus for the first stage of
conversion of the telephone currents into a line freguency spectrum.
At the output point of these installations the currents occupy a frequency
spectrum ranging from 60 to 108 kc. By employing a single group-con-
version stage with a 120-kc carrier freguency these currents are
trangformed into a 12 to 60 k¢ line frequency spectrum,

Economical slectron tubes are used in the line amplifiers of the
K~12 apparatus to awmplify the currents in the 12-60 k¢ frequency range.
This makes possible remcte control of 2/3 of all the intermediate
amplifiers, using as conductors the cables over which the high-frequency
commu:..ication is carried. Thanks to this, there is no need for providing
power supplies and permanent service personnel in all the amplifier

stations.,

In addition, the use of heavy negative feedback and partial
regulation of the {requency characteristics of the gain (in the feedback
chain) has led to a reduction of the effect of thermal noise and mutual
nonlinear interference between the channels system in the amplifiers.
This has permitted making the length of individual amplifier sections
and the total maximum length of the communication.line greater than
all other known analogous —ommunication systems over symmetrical cables,
while still adhering to the established noms for noise. In the K-12
system the length of the amplifier section ranges frem 20 to 57 km,
corresponding to 2 maximum attenuation of a cable section of 8.5
nepers at 60 kc. The length of the relaying sectlon may reach 2,000

ke with 4 rel~y points.

The K~12 system, while insuring long transmission distance with
high quality telephone channels; is thsu quite economical in construc-
tional and operation activitiss.

The relative tranamission power for each of the channels of the
K-12 system at the outpul terminal and intermediate stations amount to
+0.5 nepers. The transmission levels and the residual attenuation of
the channels of the total frequency are standard for all modern Russian
systems cf nigh-frequency long-distance communications. If 4-wire
transmission i: used, the relative level is ~1.5 neper at the input
point of the channel and +0.5 neper at its output terminal. If 2-wire
transmissicn is used, the residual attenuation of the channel is 0.8

neper at 800 cycles.

It is known that the parameters of underground cable lines are
considerably mors stable with time than the parameters of aerial lines.
Nevertheless, in long distances systems, when the total sttenuation of
the cable paire is quite large, the fluctuation of these attenuations
caused by variation in ambjent temperature may be sufficiently large.
Figure 2 shows graphically Low the per-km attenuation of the nonloaded
cable used in the K-12 system varies when the tempersture rises by 10
and 209C. At the conventicnal depth used to bury the cable, i.e., 0.8 m,
the temperature fluctuates as much as 20-22°C during the year. Com—
sequently the maximum change in attenuation in a 1,000-km length may
amount to 5.5 meper, To insurs normal operation of the line, the above
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change in attenuation should bs compensated for by changing the attenua-
tion in the intermediate and terminal points with the aid of automatic
lavel control {ARU) of the transmission. Unlike the old ARU equipment,
actuated by slectromagnetic mechanisms (e1ectric motors, selectors, and
relays), the K-12 apparatus employs 2 purely electric ARU system, operat-
ing with the aid of thermally-controlled resistors, i.e., thermiators.
This has reduced the cost of the equipment and simplified the cpuration.

The K-~12 apparatus has been developed on the basis of making its
individual units identical as much as possible with the units of the
V-12 12-channel system for communication over aerial lines. In addition
to the individual-conversion installations, mentiocned above, such
common units are used for tonal calling, for differential system, for
tonal (L-conductor) switching, and also for generating the individual
carrier frequencies. Some of these units are of the same type-as those
used in the V-3 apparatus.

Block Diagram of the Terminal and Intermediate Stationg

A block diagram of the terminal station of the K-12 apparatus is
shown in Figure 3. In this drawing STV is the tonal-calling rack, SDS
the differential system rack, SChK the 4-wire gwitch rack, SIP the
individual converter rack, SGU the group installation rack, and VKS
the entrance and switch rack.

The speech currents, passing from the subscriber's telephone set
through the interurban switchboard, pass through the tonal-calling instal-
iations corresponding to each channel, and then enter the differential
system DS with ballancer B; this system serves to effect the transition
from the 2-wire portion of the channel to the 4-wire one. Next the currents
pass through the L-wire switching terminals, intended for measurement
and charnel switching and then flow to the individual frequency-—converter
M (modulator) which is included in the transmission path.

k)

As a result of conversiorn, which is individual for nach channel,
the speech currents are transformed into one of the sections of the
common 60-108 kc frequency spectrum. To suppress the currents of the
second sideband frequencies produced during the conversion, bandpass
filters PF are used, employing quartz or other piezoelectric resonators.

Next the signal currents, which occupy the 60-108 frequency spectrum
flow through the differential transmission transformer (Tr-per) into the
group frequency converters. The differential transformer serves to match
the input impedance of bandpass filters PF, which hus a nominal value of
600 ohms, with the 135 ohm input impedance of the group channel. In
addition, the differential tranaiormer permits connecting the individual
spare group equipment in the tranamission branch without disturbing the
operation of the communjcation channels.

Connected between the differential transformer Tr-per and the group
frequency converter (@ is the vejection fiiter RF which serves to
suppress the residual carrier {requencies that have the same value as ths
ARU control currents. In the group converter, which is built in the form
of a ring circuit and employs copper-oxide rectifiers, the currents of
the 60-108 ke frequency band are transformed with the aid of a 120-ke
carrier into a2 linsar 12-60 ke spectrum. Connected at the output of the
group converter is a D-60 Jow-pass filter, which passes only the lower
sideband frequencies from among &ll the frequencies entering the converter.
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After passing vhrough the group :onverter, the currents enter the
input of the transmission smplifior U, which raises their relative level
(for each channel) to +0.5 neper, From the output of this amplifier,
the linear-spectrum currents pass through line transformer LT into the
line, The line transformer serves to mctch the input impedance of the
group channel of the apparatus, which equaly 135 ohms, with the wave
impedance o) thc line, nominally 180 ohms.,

In the receiving side of the terminal apparatus, the currents arrive
- from the line pass through the line transformer LT to the line reception
amplifier U, whero their relative level is raised to +0.5 neper. From
the output of this amplifier the currents of the 12-60 k¢ line spectrum
pass through lengthener [ertificial line] Ud, equalizer VyR, and low-
pass filter D-100; and then into the group convertex of the reception
frequemcy (Gr DM— demodulator). In this group converter, which is similar
in construction te “he “ransmission group converter, ths currents are
transformed by the 120-k: carrier into a 60-108 kc spectrum. Filter
D-100 serves to block the entrance into the group converter by the noise
line in the 160-228 ke spectrum, which wouid be converted into a 60-180
k¢ spectrum and would raise the noise level in the channels. The equalizer
removes the amplitude-frequency distortion introduced by all the elements
of the group transmission and reception channel of the terminal stations.

Connected at the output of the reception group convertor is low-pass
filter D-115 which suppresses the upper sideband frequencies.produced in
the converter. The 60-108 kc band currents pass through the filter into
the input of awdiliary amplifier VU, where their relative level is raised
to ~0.5 neper. They then flow through the reception transformer (Tr pr)
into tha channel passband 7ilters PF and into the individual frequency
converters DM (demodulators).

The currents are converted in the individual converters into &
tonal spectrum, after which they are amplified in low-frequency amplifier
UNCh and flow through switching terminals, differential system DS, and
the tonzl-call installation into the subscriber's tslephone set.

The individual and group converters are supplied v’ th carrier
currents from a common generator; in the latter all the required
frequencies are produced as harmonics of a fundamental 4-ke frequency.
To obtain the carrier frequency for the group conversion (120 kc)

a selective amplifier is used. Cunnected to the output point of this
amplifier is a quartz filter which separates the 120-kc frequency from
all the other odd harmonics of the 4-kc frequency arriving from the
output of the harmonic generator.

The K-12 system employs 3 types of intormediate amplifier stations.
The stations of the first type have no automatic level control.equip-
ment and are supplied with electricity, over long cable conductors,
from neighboring more complicated intermediate stations or from terminal
stations. The presence of permanent technical personnel is not required
for the gervicing of stations idthout ARU.

A block diagram of an intermediate station without ARU is shown In
Figure 4. For each l2-chamnel system, such a statlon principally consijts
of 2 line amplifiers, amp A-B and amp B-A, which amplify currents in '
the 12-60 k¢ spectrum, and of 2 oppositely-directed intermediate amplifiers
placed on the intermediate amplifier rack (sPU). Lina tranasformsrs LT
are connected at the input and output points of line amplifier. These
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transformers match the input impedances of the apparatus, aprroximatoly
135 ohms, with the wave impedsnce of the line, nominally 180 ohms. In
individual cases amplifiers without ARU may be fed from local sources of

powar.

The intermediate amplifier station of the second tyve is a atatien
with a "flat™ ARU, in which the amplification is changed by a quamtity
which is the sams for the entire working frequency spectrum. Stations of
the second type are fed from local power supplins.ind depend on parmanent
technical service personnel., One station of this type follows 2 stations
without ARU.

The block diagram of an intermediate station with flat ARU is shown
in Figure 5. In its basic equipment this station differs from ons without
ARU only in having channel controlled receivers (PR KK) which ara cemnected
at the output point of the line amplifiers, and additional automatic
regulation devices in the line amplifiers, contiolled by the channel
controlled amplifiers.

Finally, the intermediate amplifier stat’ons of the third type are
even more complicated, having both "flat® and "sloping™ ARU and local
power supply. One such station d4s installed following 8 statdons of
the preceding types. A station of the third type contains a second channel
controlled receiver, connected in the same manner as the first, and has
controlling davices in the line amplifiers to change the slope of the
frequency characteristics of the amplification.

We shall describe below those individual units of the apparatus which
are not common to the V~12 l12-channel system (to be concluded).
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